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Acacia mearnsii (black wattle) is a commercially important forestry species in South Africa, grown for its timber as well as its bark. It is, how-
ever, also considered to be an alien invader of indigenous vegetation and for this reason the production of a sterile variety would be highly desirable
for commercial forestry in South Africa. Previous research on crosses between diploid and tetraploid parent plants to produce triploid progeny has
resulted in poor seed set. One possible barrier preventing seed set could be the viability of the pollen used in the cross pollination operations. Thus
a study was conducted to test the pollen viability. In vitro agar media germination tests (ACIAR and Brewbaker and Kwack media) were optimised
on Acacia podalyriifolia pollen and then used together with vital stain tests (Sigma® DAB peroxidase and p-phenylendiamine) to test pollen ger-
mination and viability of A. mearnsii pollen. These were then compared to in vivo pollen germination on the stigma, and were conducted on both
diploid and tetraploid pollen mixes. Results showed that the vital stain tests gave signiﬁcantly (pb0.05) higher pollen viability than the agar ger-
mination tests and were more in agreement with the results from the pollen germination rate on the stigma. For both the diploid and tetraploid pol-
len mixes tested, there were no signiﬁcant differences (pN0.05) between the two agar media germination tests and between the two vital stain tests.
© 2011 SAAB. Published by Elsevier B.V. All rights reserved.
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Black wattle (Acacia mearnsii) is an important commercial
forestry species in South Africa, grown both for the tannins
present in the bark, and for pulp in the pulp and paper industry.
In South Africa, black wattle plantations currently constitute
approximately 8.3% of the total area under commercial forestry
plantations. However, being an exotic from Australia, black
wattle is a prolific seed producer, with seed remaining viable
in the soil for many years, and has thus been classified as an
invasive species and, in unmanaged stands, can pose an
environmental threat. For this reason the production of seedless
or sterile wattle would be beneficial both to the wattle industry
and the environment.⁎ Tel.: +27 33 3862314; fax: +27 33 3868905.
E-mail address: sascha.pay@icfr.ukzn.ac.za.
0254-6299/$ - see front matter © 2011 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2011.08.001The production of a sterile variety of black wattle can
be obtained through the production of a triploid, which is
produced by crossing tetraploids and diploids. Tetraploids are
generated by chemically treating diploid seed with colchicine
(Beck et al., 2003). To date, a limited amount of crossed seed
has been collected and this poor seed set can be attributed to
a number of physical and reproductive barriers.
A. mearnsii pollen is grouped together in structures called
polyads, which are designed to protect the pollen and ensure
that maximum pollen germination is possible when the polyad
attaches to the stigma (Kenrick and Knox, 1982). A polyad of
A. mearnsii typically contains 16 pollen grains. One of the
reproductive barriers is the attachment of incompatible polyads
to the stigma, preventing compatible polyads from attaching to
the stigma and fertilising the ovary (Kenrick and Knox, 1989),
and this is compounded by the fact there is a high proportion of
male flowers within the flowering trees (Grant et al., 1994).
Another possible reproductive barrier limiting seed productionts reserved.
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Stiehl-Alves and Martins-Corder (2007) noted that the poor
development of viable male gametes was a limiting factor
contributing to the low seed set in A. mearnsii. Furthermore,
Moncur et al. (1989, 1991) recorded poor seed set in Australian
populations of A. mearnsii after selfing (0.5%), cross pollina-
tion (21.2%) and open pollination (1.3%) operations.
The most accurate means to assess pollen viability, or more
accurately, germinability, is to assess the ability of the pollen to
fertilise the ovule in vivo. This is done by counting the number
of seeds set following controlled pollinations (Hanna and
Towill, 1995; Smith-Huerta and Vassek, 1984; Shivanna and
Johri, 1985; Thompson et al., 1994). All of the in vitro tests
developed to date (vital stain and agar germination tests)
provide only an estimate of the ability of pollen to fertilise the
ovary and produce seed (Heslop-Harrison, 1992; Stone et al.,
1995). Due to the fact that loss of pollen viability is a continu-
ous process (enzymes degrade at different rates under differing
conditions), vital stain tests should be used with caution and
compared with actual germination rates (in vivo tests) on the
stigma and ultimately with seed set (Rodriguez-Riaño and
Dafni, 2000). The presence of active enzymes in the pollen
does not necessarily mean that the pollen is capable of reaching
the ovary to fertilise the ovules (Sedgely and Harbard, 1993).
Although seed set may indicate that the pollen used was viable,
the absence of seed does not necessarily mean that the pollen
used during pollinations was non-viable (Dafni et al., 2005),
as there may be incompatibility within the style or ovary
which is unrelated to pollen viability.
A number of possible barriers were identified, which could
be preventing the development of a triploid black wattle, one
being the viability of the pollen used in the cross pollination
operations. It was thus decided to investigate several pollen
viability tests and compare the results against actual pollen ger-
mination rates on the stigmas. The results of this investigation
would enable one to determine which in vitro test should be
used to assess pollen viability and pollen germinability in
black wattle.
2. Material and methods
Prior to the A. mearnsii flowering season (September to
October) in vitro agar pollen viability tests were optimised on
Acacia podalyriifolia, which flowers earlier in the year (June
to July). Based on the results obtained for A. podalyriifolia,
the agar germination media used in the study for A. mearnsii
were determined.
2.1. Optimisation of in vitro agar pollen germination on A.
podalyriifolia
Two agar media types were tested namely ACIAR medium
(ACIAR FST/2003/002, School of Plant Sciences, UTAS)
and modified Brewbaker and Kwack (BK) medium (Brewbaker
and Kwack, 1963). Within each media type a range of sucrose
concentrations were compared. The ACIAR medium contained
sucrose (10%, 20%, 30% and 40%), boric acid (H3BO3) 0.01%and agar 1%. The BK medium compared sucrose concentra-
tions of 0.5%, 10% and 20%. The agar plates were placed in
the dark in an incubator at 25 °C for 24 h. A sample of the
pollen mixes was incubated at 80 °C for 2 h to kill the pollen
and was used as a control (Rodriguez-Riaño and Dafni,
2000). Three plates were made per media tested, including
three control plates containing killed pollen.
Pollen germination was viewed under a compound light mi-
croscope (10× magnification) and 50 polyads were scored per
plate for germination. Pollen was considered germinated
when the pollen tube was one and half to twice the length of
the polyads (Stiehl-Alves and Martins-Corder, 2007).
2.2. In vivo pollen viability
A mix of fully opened inflorescences (which had opened
inside polyester pollination bags to exclude pollinators) was
collected and used for cross pollinations. Two cross pollination
operations were conducted, 24 h apart and the inflorescences
were collected 48 h after the second cross pollination and
fixed in 95% ethanol and acetic acid (3:1, v:v), respectively
for 1 h. Thereafter they were washed in sterile Millipore filtered
water and stored in 70% ethanol. Pistils were excised using a
dissecting microscope and then softened in 3 N NaOH for
3 h, rinsed in tap water for 1 h and stained with decolourised
aniline blue (3 ml 1% aniline blue+1 ml 3 N K2HPO4+26 ml
dH2O) for 4 h and then stored in glycerol (Martin, 1959). The
stained pistils were mounted on slides in a drop of stain and
glycerol and viewed under fluorescence with a microscope
equipped with a UV filter system. Fifty pistils were mounted
across three slides and this was replicated five times. Of the
polyads attached to the stigma, those that had germinated
were scored and expressed as a percentage.
2.3. In vitro pollen viability tests
In vitro tests were conducted on both diploid and tetraploid
A. mearnsii pollen mixes. Five tests were conducted, each on
a separate day, depending on when cross pollinations in the
field were made. In order to test pollen viability, a sub-sample
of the pollen mix that was used in each cross pollination
operation above was used for viability testing. A mix of fully
opened inflorescences (which had opened inside polyester
pollination bags) was collected and placed into a desiccator
containing silica for 1 h, to allow the anthers that hold the poly-
ads to desiccate slightly and release the polyads. Thereafter, the
inflorescences were sieved (52 μm sieve for the diploid and
77 μm sieve for the tetraploid) and pollen viability tests were
conducted as outlined below.
2.3.1. In vitro pollen germination viability tests
Two agar media types were tested, namely ACIAR medium
(ACIAR FST/2003/002 School of Plant Sciences, UTAS)
supplemented with 20% sucrose and modified BK medium
containing 30% sucrose. Agar plates were placed in the dark
in an incubator at 25 °C for 24 h. Three plates were made per
media tested, including three control plates containing killed
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described for A. podalyriifolia.
2.3.2. In vitro pollen vital stain tests
Two vital stain tests were conducted, namely p-
Phenylenediamine Test (for myeloperoxidase) (Rodriguez-Riaño
and Dafni, 2000) and Sigma® DAB Test (for peroxidases)
(Dafni et al., 2005). The effectiveness of the vital stain tests
used in this study for testing viability was initially tested on killed
pollen, and as they did not stain they were deemed suitable for the
study.
2.2.3. Statistical analysis
Data were square root transformed and analysed using one
and two-way ANOVA in GENSTAT® Version 9 (Lane and
Payne, 1996). Significant differences between treatments were
determined using least significant differences (LSDs).
3. Results and discussion
In vitro agar germination of A. podalyriifolia pollen showed
that BK medium at all sucrose concentrations had higher germi-
nation rates than the ACIAR media tested, although non-
significant (pN0.05) at times (Fig. 1). Based on these results,
it was decided to test BK medium supplemented with 30%
sucrose and ACIAR medium supplemented with 20% sucrose
for the A. mearnsii pollen. The ACIAR medium with 40%
sucrose was not chosen, as the lower the sucrose concentration,
the less chance there is of fungal contamination.
For both A. mearnsii ploidy levels tested, there was a similar
response (pN0.05) to the various pollen viability tests (Fig. 2).
Within each ploidy level, the vital tests gave significantly
(pb0.05) higher viability results than the agar germination
tests. The results for both agar germination media tested were
extremely low (Fig. 2a), especially when comparing the results
for the BK medium against those obtained by Stiehl-Alves and
Martins-Corder (2007) for this species (25% and 73% germina-
tion, respectively) and against those obtained for A. podalyriifolia
(47%). The disadvantages of using agar germination tests for
pollen viability are that the results are highly susceptible to
the environment, how and when the pollen was collected and
stored and the density of the pollen as it is dispersed across
the germination medium (Dafni et al., 2005). This could partly0
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Fig. 1. Pollen germination (%) of Acacia podalyriifolia on two agar germination me
tions. Treatments denoted by the same letters are not significantly different (pb0.05explain the differences recorded in the study by Stiehl-Alves
and Martins-Corder (2007). The fact that one study was
conducted in Australia and the other on a South African popu-
lation could have also contributed to the variation observed. It
has also been noted that agar germination tests for pollen via-
bility may differ from pollen germination on the stigma due
to various interactions between various compounds on the stig-
ma that may inhibit or stimulate pollen germination (Pline et
al., 2002). Sedgely and Harbard (1993) noted that agar germi-
nation tests were not suitable for Acacia pollen due to the lack
of reproducibility. The agar media used in this study was orig-
inally optimised for A. podalyriifolia pollen, the germination
rates of which were highly variable within each replicate, con-
firming the irreproducibility of agar germination tests.
Although vital tests are known to overestimate pollen viabil-
ity (Dafni et al., 2005), in this study the vital test results were
similar to actual in vivo germination rates of the pollen on the
stigmas (Fig. 2b). The results from this study agreed with
those obtained by Kenrick and Knox (1985) who noted a
good correlation of results of in vivo pollen germination on
the stigma with the vital test that they used (fluorochromatic
reaction) for Acacia retinodes. The disadvantage of vital stain
tests, however, is that the determination of whether pollen
grains are deemed viable or not is subjective and up to the
discretion of the researcher (Horsley et al., 2007). Furthermore,
studies showed that vital stain tests have been found to not cor-
relate sufficiently well with other measures of pollen viability
(Dafni, 1992).
Results for this study showed that for both the diploid and
tetraploid pollen mixes tested, there were no significant differ-
ences (pN0.05) between the two agar germination tests and
no significant differences (pN0.05) between the two vital
stain tests. Thus one could use either test for future studies.4. Conclusion
This study showed that the agar germination tests were poor
indicators of pollen viability for both A. podalyriifolia and
A. mearnsii. This could be alleviated by increasing the culture
time from 24 h to 48 h, although ways to reduce fungal contam-
ination would be needed to be investigated, prior to using
these tests in the future. The vital stain tests provided higherAR 10%
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Fig. 2. Comparison of pollen viability tests conducted in vitro and on the stigma (in vivo) for diploid (2n) and tetraploid (4n) pollen mixes. (a) In vitro pollen viability
tests consisted agar germination media (ACIAR and Brewbaker and Kwack (BK) medium 30%), and vital stain tests (Sigma® DAB and p-phenylenediamine).
(b) Pollen germination on the stigma (in vivo). Treatments denoted by the same letters are not significantly different (pb0.05).
288 S.L. Beck-Pay / South African Journal of Botany 78 (2012) 285–289estimates of pollen viability however these were significantly less
than the actual germination rates of the pollen on the stigma.
In future, these tests should be repeated to compare results
across seasons and pollen viability tests also need to be con-
ducted on pollen subjected to various temperatures and relative
humidities to simulate conditions within the polyester pollina-
tion bags being used, as the microclimate within the bag may
also affect pollen viability. It is also apparent that a number
of in vitro pollen viability tests (agar germination and vital
stains) should be conducted simultaneously to attain an indica-
tion of pollen viability and that this should be ultimately com-
pared against pollen germination on the stigma.
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